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be used for such methods 



(57) An electron-emitting device comprises an elec- 
troconductive film including an electron-emitting region 
and a pair of electrodes for applying a voltage to the 
electroconductive film. The electron-emitting region is 
formed by applying a film of organic substance to the 
electroconductive film, carbonizing the organic sub- 



stance by electrically energizing the electroconductive 
film, and forming a fissure or fissures in the electrocon- 
ductive film prior to the carbonization. The electron- 
emitting device constitutes an electron source having a 
plurality of electron-emitting devices, and further an im- 
age-forming device comprising an electron source and 
an image-forming member arranged in an envelope. 
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Field of the Invention 

This invention relates to a method of manufacturing an electron^mrtting device and a method of <™^^ 
an eSon source and image-forming apparatus, using such a method. It also relates to apparatuses to be used for 
such methods. 

Related Background Art 

There have been known two types of electron-emitting device; the thermoelectron emission type and the cold 
ra thS eli^mLtZpe OHhese. the cold cathode emission type refers to devices including field em.ss.on 
SeThereS reTerred to as the FE type) devices, encapsulation tayer/meta. type (here.natfer referred to as the 
mim tvnA^ electron-emittinq devices and surface conduction electron-emitting devices. 

E^pleTot^E include those proposed by W. P. Dyke & W. W. Dolan, "Field emiss^ Advance ,n 

Elec^C*! 8 89 (1 956) and C. A. Spindt, "PHYSICAL Properties of thin-fi>m field em^on cathodes wrth ^ 

^mpTs^ 

*££m or" su^ce Auction electron-emftting device include one proposed by M. I. Elinson, Radk> Eng. E.ec- 

^urta^ device is realized by utilizing me phenomenon that e^r = em^ 

out ofasmall thin film formed onasubstrate when an e.ectric current is forced to flow ,n Pf « '^.^ f ^ S ^ C f n 
While Elinson et al proposes the use of SnO* thin film for a device of this type, the use of Au th n film is proposed n 
*ESLr. 9. 31 7 (1 972) whereas the use o, InpySnO thin «*«, th,n f,.m a e 

discussed respectively in M. Hartwell and C. G. Fonstad: "IEEE Trans. ED Conf.", 519 (1975) and H. Arak, et al.. 

^i^^tSi'SiiBi schemata illustrates a typfcal surface conducts electron^ing de- 
^TnTSl"^ 

denotes an e ectroconductKre fi.m normally prepared by producing an Heaped thin 

soutterina part of which is subsequently turned into an electron-emftt.ng reg.on when rt is sub ected to a process .<* 
cSSSnSct^tment referred to as 'energization forming" as described hereinafter. In Fig. 20 a pair of dev.ee 
electr^aTsTpSf rom each other by a distance L of 0.5 to 1 mm and the centra, area of the electroconductrve 

fi ' m c?nJentSr^l 0 elecL emitting regton 5 is produced in a surface conduction e.ectron^mitting devfce by sub- 
iectinS^^^^ 

a ^ e^Ston forming process, a constant DC voltage or a slowly rising DC voltage that rises typically 

the film and produce an electron-emitting region 5 which is electrically highly resistive. _ „ rf - raK 

TnirSieelectron-emitting regions is part of -the electroconductive film 4 that typically contains a fissure or fissures 

approprtate voltage is applied to the electroconductive film 4 to make an electric current run through the devic e , 
PP Z applicant o, the present patent apptotion has proposed a method of manufactunng * ™ 
el ec tron-emftting device having remarkably improved electron-emitting charactenst.es by forming carbon and/or a car^ 
^pound J, an electronimitting region of the electron-emitting devfce by means of a novel technique referred 
so to as activation process. (Japanese Patent Application LaidOpen No. 7-235255.) 

Tne acZtion processes carried out after the energization forming process. In the actrvafion process tte _dev.ee 
is elacXa^um vessel, an organic gas containing at least carbon, i.e. an element comrr^ly found in the d 
olo^donh^ 

an appropretelyselectedpulse-shapedvoltagefeappliedtothedevice elects 
55 As 7result of this step, the electron-emitting performance of the electron-em.tt.ng dev.ee is remarkably 

APaXn me electron-emrtting device, carbonization in a gas. liquid or solid phase » a well known technique , for 
prepKc^icm^^ 
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is introduced into a high temperature zone of a processing system and pyrolyzed in a gas phaseto P^uce^rbon 
SS^Sto« carton fiber. As for carbonization in a solid phase, it is known that glassy carbon can be produced 
S ihS^^ns such as pheno. resin and f uran resin, ce.lulose or viny.idene pofychlonde (M. InagaK,: Car- 
bonic Material Engineering", Nikkan Kogyo Shinbunsha, pp.50-80). 

Hower an activation process is more often than not accompanied by the following problems. 
P°ZZ\ For introduc^g gas in an activation process, an optimum gas pressure has to be selected and mam- 
tainedt Te gas aithough it can be too low to be held under control depending on the type of the gas to be used. 
S2 Jtime required for the actuation process can vary significantly or the propert.es of the substenc_g£ 
^ilSTtoae eTtron emitting r«nin n can be modify — — to *"» hydrogen, oxygen, CO anoVor 
g^ff^ & 7 e1s1^cla^^ Th.s 

-o^Sy ? u m can g^ to deviations in the pertom,ance of the e lectron^mitting devces of an electron , source 
2z2 by ar anoing « .arge number of electron-emitthg devices or an image-forming apparatus incorporating such 
Z Sron ^urce ParticuLy in the case of a large electron source uprising an electron source substrate W 

r 9 numtoTot pK device electrodes, pieces of e.ectroconductive film and wires connect ,ng , the etec- 
ISeTa Tc* Z T^l^rovided with a set of fluorescent bodies is arranged vis«-vis the substrate with spacers 
d^ ^we^ theTJron source substrate and the face plate to separate them by a distance less than several 
Er^Zd together at high temperature to form a vacuum envelope (referred to as sealing mm a 

voStssu^^ 
I^mtnaf^ 

in nrripr tn romoensate the low conductance of the vacuum envelope for gas due to the minute distance beween me 
VZj tK«r«* rt HrioH thAreafter baked at 500 °C under a pressure of 140kg/cm2 an d then heated further at i , juu xo 

rJ^lly^TinaeaS 
r ™ nl„ h«™ ^vered with carbon produced by pyrolysis when the film is heated to h.gh temperature to increase 
Z^l^^^ZZs^on rate e«L.«y o, the image^ormlng apparatus formed by arranging 

as oxygenCO, CO,' and/or hydrogen are adsorbed by the components of the image-formrng apparatus nclu^ng the 

emming devices of an electron source or an informing apparatus incorporating such an electron ^rce . 

Problem 3 Conventionally, an image-forming apparatus is produced by arranging an electron source substrate 
camTo Zee* ,aTrge dumber of paired device electrodes, pieces of electroconductive film and w,res connecting 
*eTect ooesTd a face pTl typSlly provided with a set of fluorescent bodies oppositely relative to each other, 
SidinT htm S at high temperature to form a vacuum envebpe (a step referred to as sealing process)^ sub- 
SingSoSes of prLss Eluding an energization forming process and an activation process by r«*nfl 

to me w^res and then testing the electron-emitting and image-forming performance of the apparatus before 
ne^e^^^ 

are^cted Sthe sealing process ,if the electron source substrate is founds 

fnlgTforng apparatus hasto be rejected as a defective product to consequent* raise the average cost of manu- 
^^^e'S^^ has been a strong demand for a novel method o. manufacturing 
an ££££ apparatus and amanufacturing apparatus to be u ? d with such V^^^^^ 
forming apparatus is free from the above problems an d can get r.d of reeg tam^^ 
^gase^us substances including oxygen, hydrogen. CO and CQ> by the degased component. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present Invention to provide a method of manufacturing an electron-emitting device 

appa^^ 

with a minimized level of deviation in the electron-emitting performance. 

I.J another object of the invention is to provide a method of manufacture am MM «j£ Jj* * n 
imoroved activation process for improving and further stabilizing the electron-emitt.ng performance of he dmce as 
3 as a me S manufacturing an electron source and an image-forming apparatus comprising a ^ ™mber erf 
S elecuon emitting de^ 

^ 1 15tSrS2 SSSSon is to provWe a method of manufacturing an electron-emitting devfce having a 
pS^ pSS Ztro. as well as a method of manufacturing an electron source and an informing apparatus 

requtl ^ h2 «t at very hfch temperature as well as a method of manufacturing an electron source and an 

image-forming apparatus comprising a large number of such electron-emitting devices 

a further obrcct of the invention is to provide a method of manufacturing an electron-emitting device whose acti 

vatioVpr^ P°*~ e - the dSViCe ■* Stebil,Zati0n Pr0CeSS h S ££2 

m^ect^^^^ 

a^er^erSre'as well as a method of manufacturing an electron source and an image-formmg apparatus com- 
^jS^TKtSSn k to prov*e an apparatus for manufacturing informing apparatus at an 
imPr ASrdfna to the invention, the above objects are achieved by providing a method of manufacturing an electron- 

S^I^S^. is provided a method of manufacturing an electron source comprising a plurality 

Sr^gtotne invent on. there is provided a method of manufacturing an image-forming apparatus comprising 
an eSoe ar "etecJSn source arranged in the envelope and having a plurality of electron-em.tt.ng devices and an 
rg^g mSe^ing an image when irradiated by eiectrons emitted from the e.ectron source, charac- 
tori^H in that the electron-emittinq devices are manufactured by the above method. 

ScoSrfo to SUZZ Tmere is provided a method of manufacturing an e.ectron^mitting device comprising 
an eSSStTe Sm including an electron-emitting region and a pair of device electrodes for applying avottage 
to the e SmSL film, characterized in that it comprises steps of forming an electro^^mm.r^ reg^ rclude 
»l5nJSmVan organic substance to the electroconductive film, carbonizing the organic * J^* 
«22» energizing thTelectroconducttve film and forming a fissure or fissures in the electroconducttve fllm prrcr to 
tZSrtSZZ and heating the electron-emitting device in an atmosphere containing a reactive gas. 

^d^tome^tiTZe is provided a method of manufacturing an electron source compnsing a pluraWy 

A^ ordl to L invention, there is provided a method of manufacturing an image-formmg «W^.«W»"9 
an en^r an ei^ source arranged in the envelope and having a plurality of electron^mittmg devices and an 
^Sng meS^forme an image when irradiated by electrons emNtod from the electron source, charac- 
terized in that the electron-emitting devices are manufactured by the above method 

According to the invention, there is provided a manufacturing apparatus for realizing the above methods of man 
ufacturing an image-forming apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS iAand1Bareaplanview(1A)andasectionals^ 
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to the irawntioa^ ^ ^ graphs j|| US trating the waveforms of two different voltage pulses that can be used for the 
energization forming step in a method of manufacturing a surface conduction electron^emitting device according to the 

5 RQ4 is a graph showing the principle of the stabilization step in a method of manufacturing a surface conduction 

electron-emitting device according to the invention, illustrating the relationship between the temperature and the rate 
of reaction of an organic substance, an intermediary product thereof and a carbonized product thereof. 

FIG. 5 is a flow chart of a method of manufacturing an image-forming apparatus according to the invention in a 
preferred mode of carrying out the method. . 
io FIGS. 6A, 6B, 6C, 6D and 6E are schematic sectional side views of the surface conduction electron-emitting device 
prepared in Example 1, illustrating different manufacturing steps. 

FIG. 7 is a vacuum treatment apparatus that can be used as a gauging system for evaluating the performance of 

a surface conduction electron-emitting device. 

FIG. 8 is a schematic sectional side view of the surface conduction electron-emitting device prepared in Example 

is 1, illustrating its structure. . » „■ „,*►. 

FIG g is a graph illustrating the relationship between the device voltage Vf and the device current If along with 
the relationship between the device voftage Vf and the emission current le of the electron-emitting device prepared in 

EXa F| P G 10 is a schematic sectional side view of the surface conduction electron-emitting device prepared in Example 

20 2, illustrating its structure. . 

FIG. 11 is a schematic partial plan view of an electron source with a simple matrix arrangement, which is applicable 
to an image-forming apparatus prepared and described in Example 7. 

FIG 12 is a schematic cross sectional view of the electron source of FIG. 11 taken along line 12-12. 
FIGS. 13A. 13B. 13C, 13D, 13E, 13F, 13G, 13H, 131, 13J, 13K and 13L are schematic partial sectional views of 
25 the imaqe-forming apparatus of Example 7. illustrating different manufacturing steps. 

FIG 14 is a partly cut away schematic perspective view of a display panel that can be used for an imagelormmg 

apparatus according to the invention. . . . 

FIG 15 is a circuit diagram of a drive circuit that can be used to drive an image-forming apparatus manufactured 
by a method according to the invention and adapted to television signals of the NTSC system. 
30 FIG. 16 is a flow chart of a method of manufacturing an image-forming apparatus according to the invention in the 

mode of carrying it out used in Example 8. 

FIG. 17 is a schematic block diagram of the apparatus used for preparing the image-forming apparatus in Example 

g 

FIG. 1 8 is a schematic sectional side view of the surface conduction electron-emitting device prepared for com- 
3S parison in Example 1, illustrating its structure. 

FIG. 1 9 is a schematic sectional side view of the surface conduction electron-emitting device prepared for com- 
parison in Example 2, illustrating its structure. 

FIG. 20 schematically illustrates a conventional surface conduction electron-emitting device. 

40 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

With any known conventional methods of manufacturing an electron-emitting device comprising an activation proc- 
ess gas has to be introduced into a vacuum chamber under appropriate pressure in a vacuum chamber under appro- 
priate pressure in a controlled manner. To the contrary, according to a method of manufacturing an electron-em.tt.ng 
45 device of the present invention, the activation process includes steps of applying a film of an organic substance to the 
electroconductive film and carbonizing the organic substance. For applying an organic substance, thermosetting resins 
or electron beam resists are dissolved as the organic substance in an appropriate solvent to form a semi-polymerized 
product which is then applied to the electroconductive film in thestepof applying anorganic substance of the activation 
process so that no gas has to be introduced in ari^.sh/ controlled manner to alleviate the problem of the influence 
of the residual gas in the vacuum system and hencethe rigorous pressure control operation of the conventional acti- 
vation process is eliminated to facilitate the control of the process. Additionally, since the organic substance is applied 
to the electroconductive film to form a deposited material and practically does not give rise toa ry additional qas pres- 
onrohngt h„ ..sftri in the activa tion process without restric tion to reduce the entire time span QLtfaajMOSgss. 
> — ^rthenTiore, the carbonization step of the activation process involvesan operation of electnc energization or that 
55 of both electric energization and heating and hence the obtained carbonized product can be deposited to the electron- 
emitting region without difficulty by controlling the time for transforming the organic substance, the amount of energy 
used in the step (in terms of the temperature when heat is used and the voltage and the pulse width of the pulse voltage 
applied to the device electrodes when electricity is used) and the thickness of application of the organic substance. 
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M h» «wk*» M. imp™* by t. ^^^•'T^r^* JJin JLon and k 
duration of time for thermally treating the device will be further ( an e|eclron 

emitting device accordingto the mention, of wh.ch FIG. 1A «a pto electrodes 2 and 3. Note 

=SS«SSSSSfea£s=ss 
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distance L separating the device electrodes is preferably between hundreds nanometers and hundreds micrometers 
and still preferably, between several micrometers and tens of several micrometers. 

'The length W of the device electrodes is preferably between several micrometers and hundreds of several mi- 
crometers depending on the resistance of the electrodes and the electron-emitting characteristics of the device. 
s The film thickness d of the device electrodes 2 and 3 is between tens of several nanometers and several microm- 

e,efS A surface conduction electron-emitting device according to the invention may have a configuration other than the 
one illustrated in FIGS, t A and tB and, alternatively, it may be prepared by sequentially laying an electroconductive 
film 4 and oppositely disposed device electrodes 2 and 3 on a substrate 1 . 
10 The electroconductive film 4 is preferably made of fine particles in order to provide excellent electron-emrtting 

chsrsctoristics 

The thickness of the electroconductive film 4 is determined as a function of the stepped coverage of the electro- 
conductive film on the device electrodes 2 and 3, the electrc resistance between the device electrodes 2 and 3 and 
the parameters for the forming operation that will be described later as well as other factors and preferably between 
is hundreds of several pfcometers and hundreds of several nanometers and more preferab* between a nanometer and 

^ reT^onducthre film 4 normal* shows a sheet resistance Rs between 10* and lO'OCL Note that Rs is the 
resistance defined by R=Rs(l/w), where t, w and 1 are the thickness, the width and the length of a thin film respectively 
and R is the resistance determined along the longitudinal direction of the thin film. 
20 Note that while the energization forming operation is described in terms of current conduction treatment here, the 
energization forming operation is not limited thereto and any operation that can produce one or more than one fissures 
in the electroconductive film to give rise to a region showing a high electric resistance may suitably be used for the 

PU ^r thl purp^ToHhe invention, the electroconductive film 4 is preferably made of a material selected from metals 
25 such as Pd. Pt, Ru, Ag, Au, Ti, In, Cu, Cr, Fe, Ni, Zn, Sn, Ta, W and Pb, metal oxides such as W ^«P» 

and SbPa, metal borides such as HfB* ZrB* LaB 6 , CeB* YB 4 and GdB 4 , carbides such as TiC ZjC. HfC.TaC. &C 
and WCnitrides such as T.N, ZrN and HfN. semiconductors such as Si and Ge and carbon, of which catalytic petals 
of the plutinum group such as Pd and Pt and metals of the iron group such as Ni and Co are preferable for forming 
hiqh quality carbon without difficulty. . . „ _ 

30 The term a "fine particle film" as used here* refers to a thin film constituted of a large number of fine particles that 
may be loosely dispersed, tightly arranged or mutually and randomly overlapping (to form an island structure under 
certain conditions). The diameter of fine particles to be used for the purpose of the present invention is between hun- 
dreds of several picometers and hundreds of several nanometers and preferably between a nanometer and twenty 
ricinornstors 

as Since the term 'fine particle' is frequently used herein, it will be described in greater depth below 

A small particle is referred to as a fine particle- and a particle smaller than a fine particle is referred to as an 
"ultrafine particle'. A particle smaller than an 'ultrafine particle" and constituted by several hundred atoms is referred 

t0a Howtver e these definitions arenot rigorous and the scope of each term can vary depending on me particular aspect 
40 of the particle to be dealt with. An 'uttrafine particle' may be referred to simply as a fine particle as in the case of the 

^ B 'The > rimental Physics Course No. 14: Surface/Fine Particle" (ed., Koreo Kinoshita; Kyoritu Publication. Sep- 
tember 1, 1986) describes as follows. . Hft . 

■A fine particle as used herein refers to a particle having a diameter somewhere between 2 to 3 urn and lOnrti , and 
4S an uttrafine particle as used herein means a particle having a diameter somewhere between lOnm and 2 to 3nm 
However, these definitions are by no means rigorous and an ultrafine particle may also be referred to simply as a fine 
particle. Therefore, these definilions are a rule of thumb in any means. A particle constituted of two to several hundred 
atoms is called a cluster.' (Ibid., p.195, 11 .22-26) 

Additionally, "Hayashi's Ultrafine Particle Project" of the New Technology Development Corporation defines an 
so -ultrafine particle' as follows, employing a smaller lower limit for the particle size. 

•The Ultrafine Particle Project (1 981 -1 986) under the Creatrve Science and Technology Promolmg Scheme defines 
an ultrafine particle as a particle having a diameter between about 1 and 100nm. This means an uttrafine particle is 
an agglomerate of about 100 to 108 atoms . Fro m the viewpoint of atom, an ultrafine particle is a huge or ultrahuge 
particle ' (Ultrafine Particle - Creative Science and Technology: ed., Chikara Hayashi, Ryoj. Ueda, Akira Tazak,, Mrta 
ss Publication, 1988,p.2, ii.i-4)'Aparticlesrnallerthananultrafineparticleandconstitutedbyseveraltoseveralhundred 

atoms is referred to as a cluster." (Ibid., p.2, 11.12-13) 

Taking the above general definitions into consideration, the term 'a fine particle' as used herem refers to an ag- 
glomerate of a large number of atoms and/or molecules having a diameter with a lower limit between hundreds of 
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several picometers and one nanometer and an upper limit of several micrometers. 

The electron-emitting region 5 is formed in part of the electroconductive film 4 and comprises a fissure or fissures 
and a neighboring area that are electrically highly resistive, although the electron-emitting performance is dependent 
on the thickness the quality and the material of the electroconductive film 4 and the energization forming and activation 
processes which will be described hereinafter. Then, a new fissure composed of a carbon film layer is formed in the 
fissure produced by energization forming. Thus, the produced electron-emitting device is a non-linear device whose 
emission current non-linearly depends on the voltage applied to the device. Note that a ^m film dflBOBt may ha. 
formed as well op *"» ^troconduc tive film othertha n "flu™ *°r nHin 1 ™ tho nroflle of the ^ evl f and 

*lh1 a rth, a tinn^ri s tabilization processes sele cted toTTnanufacturing the device. However, such areas of the electro- 
-EonS^efiim^e'red by carbon film are reduced when a stabilization process is satisfactorily carried out to suggest 
that an intermediary product is formed as well as carbon during activation. Fine electroconductive particles with a 
diameter between hundreds of several pfcometers and tens of several nanometers may be found .n the inside of the 
fissure where a carbon film deposit is produced. Such electroconductive fine particles contain all or part of the elements 

of the electroconductive film 4 along with carbon. 

is Now a method of manufacturing an electron-emitting device according to the mention will be summarily described. 

FIG.2 is a flow chart of the manufacturing method. A more detailed description will be made hereinafter by way 

° f ^Ac^ording to the invention, an activation process is carried out by applying an organic substance to the device 
before or after the energization forming operation conducted on the electroconductive film and further inducting an 

20 electric current through the device after the energization forming operation, while heating or not heating the device 
locally or totally, in order to nnynwize and carbonize the organic substance a nd improve the electron-emitting per- 
formance of the device. Sinc^thidivice is electrically energized for the activation process after carrying out an ener- 
gization forming process for producing a fissure, the electric field will be centered around the fissure of the electrocon- 
ductive film produced in the energization forming process and the applied electric energy will be concentrated to the 

25 ends of the fissure to easily carbonize the applied organic substance so that a new fissure composed of carbon film 
will be formed within the fissure of the electroconductive film to correspond to the applied electric energy. 

The organic substance to be used for the purpose of the invention is preferably thermosetting resin or electron 

beam negative resist. . . . 

Materials that can be used as thermosetting resin for the purpose of the invention firstly include semi-polymenzed 

so materials obtained by dissolving substances such as furfuryl alcohol, furan resin and phenol resin into appropriate 
respective solvents. These materials are known to produce glassy carbon when thermally treated. Glassy carbon 
generally refers to carbon having a randomly arranged multilayer structure and a non-oriented fine texture with small 
crystalline dimensions, a high rigidity and a high density. These properties of glassy carbon are advantageous for 
surface conduction electron-emitting devices in terms of sen/ice life and electric discharge. 

35 Secondly, such materials also include polyacrylnitrile and rayon. Polyacrylnitrile is advantageously used because 

its molecular skeleton is transferred to the carbon surface in the carbonization process to produce graphite wrthout 
any difficulty. Rayon can also advantageously be used for a surface conduction electron-emitting device according to 

Materials that can be used as electron beam negative resist include glycidyl methacrylate-ethyl aery late copolymer, 

40 diaryl polyphthalate, glycidyl acrylate-styrene copolymer, polyimide type varnish, epoxidated 1 ,4-polybutediene and 
glycidy" polymethacrylate, of which glycidyl methacrylate-ethyl acrylate copolymer and epoxidated 1 ,4-polybutad.ene 
are advantageously used because of their excellent sensitivity as negative resist. 

Electron beam negative resist is particularly advantageous for the carbonization process as will be described 
hereinafter because it can easily be activated by electron beams. Even if the stabilization process is not carried out 

4S satisfactorily, the electron beam negative resist is advantageously polymerized and carbonized by electron beams to 
effectively prevent electric discharges from occurring. 

The organic substance is polymerized and carbonized typically by applying a pulse-shaped voltage as shown in 
FIG 3A or 3B repeatedly. In other words, a rectangular pulse voltage as shown in FIG. 3A may be used or, alternatively, 
atriangular pulse voltage may be applied to the device electrodes 2 and 3 by alternately changing the polarity as shown 

so in FIG 3B The pulse width T1 , the pulse period T2 and the wave height of the pulse voltage may be selected appro- 
priately depending on the amount of heat or that of electron beam energy required for the polymenzat.on and carbon- 
ization process preferably above the wave height of the pulse voltage for energization forming operation. The duration 
of timeof electric energization is determined by observingthe easily measurable device current and seeing the progress 
of the activation process. The waveform of the pulse voltage being applied to the device may be modified in the course 

55 of the activation process. The carbon formation is dependent on the direction of the electric current running through 
the device and carbon is mainly deposited on the high potential side. Therefore, the direction of the electric current 
may be alternated to avoid the directional dependency of the carbon deposit within the fissure of the electroconductive 
film. 
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The above described electric energization may be accompanied by an operation of heating either the electron- 
emitting region and its vicinity by means of laser or the entire electron-emitting device in a thermos atic bath beft 
furnace 'or infrared oven. The heating temperature may be selected asafunction of the organic materral and regufeted 
by means of the power level and the pulse time if laser is used. Note that, if Ihe carbonization process .s earned out 
by means of both electric power and externally supplied heat, the power supply rate of the process may be considerably 
lower than the process carried out only by electric power. It may be needless to say that, since the organic ; matenal to 
be used for the purpose of the invention is not gas but a solid semi-polymenzed material, the rate of actrvatwn s 
accelerated when heated unlike the conventional process using a gaseous organic substance, where the rateof ach- 
vation is decelerated by heat. This fact may suggest that the (adsorbed or applied) organic substance is carbonized 
predominantly in the fissure and its vicinity in the activation process and hence the adsorption of the organic substance 
in the fissure and its vicinity is suppressed and the rate of activation is reduced if the organic substance is gas and 
externally heated. The rate of activation is defined by the time for the device current or the emission current to a 
predetermined level. Therefore, the time duration of activation will be prolonged if the rate of activation is small, whereas 
it may advantageously be shortened if the rate of activation is large. :„„ on ,™ 
The stabilization process in a method of manufacturing an electron-emitting device according to the invention 
utilizes the difference in the ability of withstanding the process between the intermediary product and the final product 
of the activation process as described earlier. FIG. 4 of the accompanying dravvings schematically illustmtes he ab l^ 
of the intermediary product and that the carbonized product of withstanding reacthre gas. In the graph of FIG. 4, the 
horizontal and vertical axes indicate respectively the heating temperature and the reaction rate. Note that a same 
reactive gas is used and all the gas components are introduced under given respective partial pressures. The reaction 
rate is the rate at which the organic substance reacts with Ihe reactive gas and removed from the reaction system Jt 
will be seen from the graph that the semi-polymerized product (organic substance film) reacts firstly and is removed 
at lowest temperature, followed by the intermediary product and then the carbonized product, which are remove* I at 
highertemperature. It may be obvious that, if the reactive gas is not present, or in vacuum, the curves for the relation- 
ships between the reaction rate and the temperature are shifted to the high temperature side because the reaction .s 
simple pyrolysis. This explains why the conventional stabilization process of baking the dev.ee ,n vacuum takes such 

According to the present invention, to the contrary, if the preceding activation process is terminated in a state 
where the semi-polymerized product, the intermediary product and the carbonized product are mixed and coexist he 
semi-polymerced product and the intermediary product are removed while the carbonized product .s preserved in the 
succeeding activation process so that there will occur no electric discharge nor other phenomena during the operation 
oftheelectron-emmingdeviceduetothegasproducedfromthesemi-polymerizedp^ 
and hence the service life and the performance of the device will not be adversely affected dunng the 

It should be noted here that a known method of manufacturing an electron-emitting device proposed by the inven- 
tors of the present invention may be accompanied by a problem that the stabilization process has a relatively tow upper 
temperature limit depending on the thermal resistance of the materials of the electron^mitt^g device and hence also 
shows the above identified problems. „ r „„„i^ 
For the purpose of the invention, nyyns njs preferably used as reactiv e gas because it reacts withft&flMaaiP 
substanc e to prod uce carbon dioxide, grEonmon gcide and water. The ty pe of reactive gasjs g d thipartial pressures 
of^ Silom^ nents may be apprd pTiateF ieTected depending on thematerials involved i n the rea ction. I air or a 
mbrtuTeof oxygen andnitroaen^ssa^sreactive gas and the stabilization process is earned out tor manutaciunng 
ak ^geWiing apparatus comprising a large numbed 5 f electron^mitting devices at the time when me envelope of 
the apparatus is hermetically sealed by heat, the heat used for the sealing operation can also be used for the above 
reactionto reduce the overall time required for the manufacture. The sealing temperature may be somewhere between 
350 and 450»C if frit glass is used for the sealing operation depending on the ability of withstanding high temperature 
of the carbon produced by the reaction. The reaction may advantageously be conducted in the atmosphere because 
there is no need of lowering the pressure if the atmosphere is used. 

While graphite starts to be removed in the atmosphere at about 500»C. the intermediary product begins to be 
removed at about 200°C. At 400»C, the intermediary product that can give rise to electric discharges when the electron- 
50 omitting device is driven to operate will be removed almost completely to consequently stabilize the electron-e ro.tt.ng 
device for electron-emitting operation. Note that the above cited temperatures are for a film having a ^suffiCKntty la^e 
film thickness and a stabilization process carried out in the atmosphere. The temperatures will fall as the film thKkness 
is reduced Therefore, the heating temperature and the partial pressure of oxygen have to be selected depending on 
the conditions for the reaction. Since there is a tradeoff between the heating temperature and the partial pressure of 
ss oxygen used for the stabilization process, Ihe former will have to be raised if the latter is lowered or vice versa, n other 
words, the stabilization process can be adapted to different sealing temperatures for manufacturing an .mage-forming 

aPP Now S a method of manufacturing an image-forming apparatus according to the invention will be described partic- 
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ularty in terms of assembling the apparatus. FIG. 5 shows a flow chart for manufacturing an image-forming apparatus 
in a preferred mode of carrying out the invention. The method of FIG. 5 can be divided into steps of prepanng an 
electron source substrate, testing it, preparing a face plate, testing it and assembling the electron source substrate 
and the face plate carrying thereon an image-forming member into a vacuum envelope. Note that the stabilization 
5 process and the sealing process are provided separately in the flow chart. While the terms 'display panel' and "image- 
forming apparatus' may seem interchangeable in the following description, the former refers to an image4ormmg ap- 
paratus before a drive circuit and some other components are fitted to it. 

A method of manufacturing an image-forming apparatus according to the invention will be described in detail below 

10 (Step 1 ) (Preparation and Test of Face Plate) 

As will be described in detail in the examples that follow, the face plate of an image-forming apparatus is prepared 
by forming a set of fluorescent bodies on a glass substrate by means of a printing or slurry technique and then the 
formed pattern of the fluorescent bodies is examined. Firstly a support frame of a display panel is bonded to the face 
is plate along the periphery thereof by means of frit glass. If a large display panel is used, spacers are preferably bonded 
to the face plate in order to make the apparatus withstand the atmospheric pressure. A sheet frit is arranged along the 
area of the support frame to be bonded to the face plate. 

(Baking of Face Plate) Then jh*f*™j latfl is baked in vacuum at an appropriately selected temperature for an 
afflrcpjjajejy^ej ected heating pj rjSjn ^r to remove the wate r, oxvoen. CO and CO, t hat have been adsorbe dby 
20 the face plate. 

(Step 2) (Rear Plate) 

In this step, an electroconductive film is formed on each of a plurality of electron-emitting devices on the substrate 
25 and then wires are arranged for the devices. An organic substance may be applied to the substrate under this condition 
as described earlier. (See FIG. 2). 

(Baking of Rear Plate) Then, the rear plate is baked in vacuum at an appropriately selected temperature for an 
appropriately selected heating period in order to remove the water, oxygen, CO and C0 2 that have been adsorbed by 
the rear plate. 

30 (Step 3) (Energization Forming Process) An energization forming process is conducted in a manner as described 

earlier 

(Step 4) (Process of Applying an Organic Substance) An organic substance is applied in a manner as described 
earlier 

-—(Step 5) (Carbonization Process) The layered organic substance is carbonized by electrically energizing the sub- 
35 stance After the carbonization process, each electron-emitting device may be tested for the device current to check 
the electron source substrate by utilizing the relationship between the device current and the emission current of the 
devices. As described earlier, the devices may advantageously be heated for the carbonization process when they are 
electrically energized. 

(Step 6) (Stabilization Process) An stabilization process is conducted in a manner as described earlier. After the 
40 stabilization process, the electron source substrate is tested for the device current and the emission current of each 
electron-emitting device. 

The test is conducted in vacuum. 

(Step 7) (Sealing Process) The rear plate and the face plate are bonded together by means of the f nt glass arranged 
on the support frame in advance. 
45 (Step 8) The exhaust pipe is sealed if it is provided. The getter arranged in the display panel is made to flash in 

order to maintain a predetermined level of vacuum inside the display panel. 

(Step 9) The prepared display panel is electrically tested for the device current and the emission current of each 
device and also tested for the brightness of the fluorescent bodies of each pixel. 

Then, a drive circuit and peripheral circuits are fitted to the display panel to complete the operation of man ufacturing 
50 an image-forming apparatus. 

Thus, according to a method of manufacturing an image-forming apparatus according to the invention, a complete 
electron source substrate is produced when a process of forming device electrodes and electroconductive films for 
electron-emitting devices, an activation process including steps of applying an organic substance and carbonizing the 
substance and a stabilization process are over so that each of the electron-emitting devices is tested for its performance 
55 and then the electron source comprising them is tested as a whole. Therefore, a good electron source and a good face 
plate can be combined to produce an image-forming apparatus and hence the probability of producing rejected appa- 
ratus can be greatly lowered to consequently reduce the cost of the manufactured apparatus. The process of producing 
a face plate will be described in greater detail hereinafter. 
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Now, an apparatus that can be used for a method of manufacturing an image-forming apparatus acceding to 
invention will be described. purpose of the invention comprises 

Anapparatusformanufacturingad.play^ ^««3^^£S„yK of the disptay pane, from 
a number of load-lock type vacuum chambers that car > MecMV prev £ ^ ^ 

chamber after completing the necessary processes. On * e ^ h ^^^ a ^SLb«; where it is com- 
[Example 1] 

HGS 1A and IB annamano., MM -d> * - «*» «»*«*» *«™v««n9 P»l— < * 

ison will also be described. conduction electron-emitting devices of Example 
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substrate B. 

A total of four identical devices were formed on the substrate. 



55 



Atotal onour laenucai uwviooo two.« .w.... , M „ 

* - « bafcd a«ooandn*a m 4 «» — — > • *— P— »» - 
etching, using an acidic etchant (FIG. 6B). 

(Step 3) : (step of applying an organic substance) 
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invention A lift-off technique was used in this step. 
Ts£p4):<™^ 

as illustrated in FIG 7. which was then evacuated. Then, a pulse^haped volte ^3^^ 
2 and 3 for an electrically energizing operation, which is referred to as energization forming (FIG. 6D). Separably, tne 
vottag! Sir appL to LuratTthe dMce current. This saturation is considered to be a result of complete of 
activation of the organic substance applied there. 

A rectangular pulse wave with a pulse width T1 of 1 millisecond and a pulse interval T2 of 10 milliseconds was 
used for the pulse voltage of energization forming and the wave height of the pulse was increased gradually. Th.s step 
w««5 conducted in vacuum with a degree of 10" 5 Pa. 

FIG. 7 schematically illustrates the vacuum processing apparatus usedforthis step. The apparatus also operates 

33 a Sring to S FIG 7, the vacuum processing apparatus comprises a vacuum vessel 75 and an exhaust pump 76. 
An electron-emitting device is arranged in the vacuum vessel 75. The device comprises a substrate 1 . a pair of device 
££££ S .Van electrocute film 4 and an electron-emitting regkx, Otherwise, the processing apparatus 
is provided wfth a power source 71 for app^ing a device voltage Vf to the electron-emrtting dev,ce aiv ammeter 70 for 
reading the device current If flowing through the electroconductive film 4 between the device e ectrodes 2 and 3 and 
aTanode 74 for catching the emission current le emitted from the electron-emitting reg.on 5 of the dev.ce. Reference 
nTeS 73 denotes a Wgh voftage power source for applying a high voyage to the -ocfe 74 and rete = nume£ 
72 denotes another ammeter for reading the emission current le emitted from the electron^mrttmg reg.on 5 of the 

out theenlmSion forming operatJinvac^ 

may be £uged and evaluated in vacuum. The exhaust pump 76 is provided with an ordinary high vacuum system 
comprising a turbo pump and a rotary pump and an ultrahigh vacuum system compnsmg an .on pump. 
2S Z oxygen cylinder 77 or a gas cylinder containing a mbcture gas of oxygen, nftrogen and other 

is arrangedTor a stabilization process that follows. Reference numeral 78 denotes an ampule containing acetone to 

upto^Cbymeanso^^ 

30 forming step and subsequent steps. . „ _ 1m - an H 

(Step 5) (carbonization step) Then, a drive voltage of 15V having a rectangular pulse shape with T1 - 1ms and 
T2 -Toms as stovm in FIG. 3A was applied to the electron-emitting device for 15 minutes in vacuum wfth a degree 
of 10*Pa. The device current If was observed throughout this step and it was found that the device current If increased 
with time to qet to 1.2mA at the end of the 15 minutes (FIG. 6D). 

sTep6) (stabilization step) Then, air was introduced^ 
treated at 410°C under the atmospheric pressure for 10 minutes in the apparatus. Nodeformation of fine parfcles was 
observed in the electroconductive film 4 obviously because the device washeatedin air. 

Subsequently, the vacuum vessel was evacuated to a degree of vacuum of 10*Pa and then hydrogen ^was M<> 
duciintoLveLlatroomtemperaturetoreducetheetectroconductivefilmchemical^ 
resistance of the electroconductive film. Note that the electroconductive film 

following examples unless specifically noted otherwise. Thereafter, each of the electron-emrtting dev,ces formed on 
the substrate A was tested for the device current If and the emission current le (FIG. 6E). 
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[Comparative Example 1] 

Each of the electron-emitting devices on the substrate B was prepared in the following way in Comparative Example 

1 ' (Step 1 ) • (step of cleansing a substrate/forming device electrodes) Same as Step 1 for the substrate A. 
(step 2): (step of forming an electroconductive film) Same as Step 2 for the substrate A. 
(Lp 3) : (energization forming step) Same as Step 4 for the substrate A. (No step equivalent to Step 3 for the 

substrate A in this example.) ^ cm 7 tn 

(Step 4) : (activation process) After introducing acetone into the vacuum vessel of the apparatus of *° 
produce a p assure of IQ-'pa, a dr*e voltage of 1 5V having a rectangular putee ^ M ^™ m t ^™£Z" 
Sown in FIG. 3A was applied to the electron-emitting device for 30 minutes. The dev^e current If was ^obsenred 
throughout this step and ft was found that the device current If increased with time to get to 2mA at the end of the 20 

minU (S S ep 5) : (stabilization process in vacuum) Subsequently, the vacuum vessel of the vacuum processing apparatus 
of FIG. 7 was evacuated to a degree of vacuum 10«Pa and then heated the substrate B by a heater (not shown) at 



13 



EP 0 788 130 A2 



75 



20 



25 



200-Cfor15hours.Thereafter.the substrate was cooled to room temperature and each of the electron^mrtting devices 
WmflH nn thA eubstrata B was tested for the device current It and the emission current le. 

wasTw, ymich was separated from the electron-emitting device being tested by 5mm, and a device voltage of 15V 

other hand the device current If was 0.7mA±5% and the emfcsion current le was 0 .95uA±4 .5% ^for the .^bsUate Mo 
™ substantial equal emission current le and a slightly reduced device current If wrth a reduced dev.at.on .n the 
oerformance of the devices of the substrate A when compared with the substrate B. , . . am 

under the ab^vT^ribed conditions to find that, while the emission current le of the dev.ces of the substra e B fell 

S r^ons 5 of the devtees of the substrates A and B were observed through an electron m.croscope and by 

^rSTnSS^rates one of the electron-emttting devices of the substrate A as observed through a 
• ZZ7pwr 1H shows its counterpart of substrate B. In the electron-emitting dev.ce of substrate B. a 

aSSttTeelectremitting region, depending on the direction of votta 9?^»^ 

in the electron-emrtting device of substrate A. a new* formed film deposrt of carbon was found ma.nly at the t.p of the 
Wan ooS2S Z me electroconductive film, depending on the direction of voltage appl.cat.on .n Stop 5. When 
view^S a Ngher magnification, the film deposit was also observed around and among metal fine partes on both 
substrate A and substrafe B. Carbon was found less on the electrcconducfive films of the substrate A with a smaller 

that Z devtes oHhe sTstrate A had a carbon deposit of graphrte. whereas the carbon deposrt of the dev.ces of the 

substrate B was less crystalline and contained hydrogen to a small extent. . 

Xn^SzaL process of Step 5 of Comparative Example 1 was conducted as in Step 6 of 
not conXcted* toe atmosphere, the prepared devices showed a device current and an em.es.on current compare 
to bSghty lower than totoose of the dev.es of Examp.e 1 to prove that the stab^atton process o, Example 1 can 
30 feasibly be applied to a known method. The devices showed a profile as shown in FIG. 8. 

[Example 2] 

The steos taken in this examples are same as those of Example 1 except Steps 4 through 6. 

S 2 : S of forming'an electroconductive film) Same as Step 2 for the substrate A .n Example 1 . 
)<5t B D 3^ feneroization forming step) Same as Step 4 for the substrate A in Example 1 . 
SZ ! : Co rtaSpTy ng^n organfc substance) After drawing the substrate out of the gauging system a semi- 
polymerizeo p £E ^oHuSalcohofthat had been prepared in advance was applied to it to a thickness 25nm by 
poiymenzoa p uuuui u * b heat The semi-polymerized product Was prepared by 

wh » f£ evSS TSS. Tneleafter, a drive vottage of 15V having a triangufcr pulse shape with T1 = 2m* > and 
T2-1 0 rs as shown in FIG 3B was applied to the electron^mitting device for 20 minutes, reversing the hig potential 
IfdeShelow^ 

tot stoo and rt was found that the device current If increased with time to get to 1 .2mA at the end of the 20 minutes. 
£ ?6r(smbinzati^e P ) Then, the substrate was divided into two haKres, which will be referred to substrates 

A " 1 For'thfsubstrate A-1 air was introduced into the vacuum vessel of FIG. 7 and each device was thermally treated 
at 380° C Tunder mTatmip^erte pressure for 20 minutes in the apparatus. Then, the vacuum vessel was ^ evacua tod 
S 5£ « f each ^^^J electron-emitting devices on the substrate was tested for the device current If and the 

^trth^St'rate A-2 the vacuum vessel of FIG. 7 was evacuated to 10*Pa and the substrate A-2 was heated 
a ,20?4tor15holbym^ 

!^ch on the substrate was tested for the devfce current If and the em^on current 

16 Both the substrate A-1 and the substrate A-2 were tested under same conditions. Specifically, the vottage of the 
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anode was 1 kV, which was separated Irom the electron-emitting device being tested by 5mm. and a device voltage of 
15V was applied to the electron-emitting device. The device current It was 1.2*^% and the emission current le was 
10pA±B.5%forthesubstrateA-2. On the other hand, thedevice current If v«s 0.8m/VW.5% and the em^K^cur^nt 
le wasO 95uA±4 5% for the substrate A to prove a substantially equal emission current le and a slightly reduced device 
current If witha reduced deviation in the performance of the devices of the substrate A-1 when compared with the 

Then the dependence of the emission current le and the device current If on the device voltage Vf were studied 
for both the substrates A-1 and A-2. by using a varying device voltage Vf under the above described test conditions. 

FIG 9 illustrates the dependence of the emission current le and the device current If on the device voltage Vf. As 
seen from FIG 9. both the device current If and the emission current le monotonically rose as the dev.ce voltage Vf 
was increased. The emission current le had athreshold voltage (Vth) and increased only below the threshold voltage^ 
Since the devices of the substrate A-2 were larger than their counterparts of the substrate A-1 , a leak current seemed 
to have been produced in their device current If. Presumably, the electron-emitting region was partly short-circuited to 

^After the'TbovroServations, the devices were driven to operate continuously under the above described test 
conditions to find that the device current decreased by 1 5% for both of the substrates A-1 and A-2. 

Subsequently, the electron-emitting regions5of the devices of the substrates A-1 and A-2 were observed through 
an electron microscope and by means of Raman spectroscopy. 

FIG 10andFIG 19 respectively illustrate the devices on the substrates A-1 and A-2 obsen/ed through an electron 
microscope. As shown in FIG. 10. carbon was found at the opposite front walls of the fissure of the 
film in the electron-emitting region 5. or both the low potential side and the high potential side, of each of th . dewes 
of the substrate A-1. On the other hand, a film deposit of carbon was found in the electron^mrtting region 5 and on 
the electroconductive film on both the low potential side and the high potential side of each of the devices of the 

substrate A-2 as shown in FIG. 19. 

2S When observed through a transmission electron microscope and by means of Raman spectroscopy rt was found 

that the devices of both the substrate A-1 and the substrate A-2 had a film deposit of glassy carbon. In the case of the 
substrate A-2 part of the carbon deposit of the devices contained a compound of carbon and hydrogen to a slight 
extent The term -glassy camon" generally refers to carbon having a randomly arranged multilayer structure and a 
noniriented fine texture f v^thsrmll crystalline dimensions, a high rigidity and a high density. Addton^ 
30 very hard. In the above observation of Raman spectroscopy, an osciltetion line of 514.5nm of argon laser was used to 
find a Raman line at 1590/cm and 1355/cm. whose half-width was remarkably greaterthan the Raman line at 1581/cm 
of HOPG (highly oriented pyrolytic graphite). 
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[Example 3] 

Negate type electron beam resist was used in this example. Two substrates A and B were used as in Drample 
1 . SinceSteps 1 through 5 were substantially same as those of Example 1 , they will be described by ref ernng to FIGS. 

6A ' (Ste^l Wstep of cleansing a substrate/forming device electrodes) After thoroughly cleansing the both substrates 
A and B Pt was deposited thereon to a thickness of 30nm by sputtering for the device electrodes, using a mask. 
Thereafter, a mask of Cr film was formed by vacuum evaporation to a thickness of lOOnm for patterning the electro- 
conductive film 4 to be produced there, using a lift-off technique (FIG. 6A). 

The device electrodes was separated by a distance L of 10um and had a wxlth W of 100pm. 
(Step 2) • (step of forming an electroconductive film) Pt was deposited by sputtering on the substrate carry ng 
thereon the device electrodes 2 and 3 toform an electroconductive film 4 having afilm thickness of 3nm and an electnc 

^'SXentljJ.Th^Cr film and the baked electroconductive film 4 were etched to show a desired pattern by wet 
etchinq, using an acidic etchant (FIG. 6B). 

(Step 3) (step of applying an organic substance) Then, an organic substance that features the method of the 
so invention was applied. In this example, epoxidated 1,4-polybutadiene which is negative type electron beam res^ was 
applied onto the substrate to a thickness of 40nm by means of a spinner to cover at least the electroconductive film 4 

and ^^^J^fJ^ step) subsequently, the substrate A was placed in a vacuum processing apparatus 
as illustrated in FIG. 7, which was then evacuated. Then, a pulse voltage was applied to the device electrodes 2 and 

ss 3 for energization forming by means of a power source (not shown) (FIG. 6D). . _ 

A rectengular pulse wave with a pulse width T1 of 1 millisecond and a pulse interval T2 of 10 milliseconds was 
used for the pulse voltage of energization forming and the wave height of the pulse was increased gradually. This step 
was conducted in vacuum with a degree of lO^Pa. 
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(Step 5) : (carbonization step) Then, a drive voltage of 15V having a rectangular pulse shape w,th T1 = ms and 
T2 = 10ms as shown in FIG. 3A was applied to the electron-emitting device for 12 minutes .n vacuum w-th a degree 
o M0*Pa The device current If was observed throughout this step and it was found that the dev.ce current If increased 
wVhTltogetto1.5rnAattheendof12minutesforboththesubstra1esAandB. 
more minutes to find that the device current If remained substantially at the same level. 

(s7p 6) stabilization step) Then, air was introduced into the vacuum vessel of F.G7 and each of the dev«es 
of the substrate A was thermally treated at 400 "C under the atmosphere pressure for 20 minutes ,n *eapp«*u». 
Subsequently, the vacuum vessel was evacuated to a degree of vacuum of 10-*Pa and each o he elytron-emitting 
devices formed on the substrate A was tested for the device current If and the emission current le (HQ- BE)- 

Z the other hand, the devices of the substrate B were heat treated at 200-C in vacuum with a degree of 10«Pa 
for lihouiB in the vacuum processing apparatus of FIG. 7. Then, the vacuum vessel was further evacuated to 10*Pa 
I JSZ VXEZInm devices on the substrate B was tested for the device current If and the em,ss,on 

CUrr StlTthe substrate A and the substrate B were tested under same conditions. Specifically, the voltage of the anode 
is was Vkv which was separated from the electron^mitting device being tested by 5mm. and a dev.ee voltage of 15V 

devicecurrent If was 1.0mA±4.5% and the emission current le was 1.0mA±4.9% for the substrate B to prove that they 
were substantially equal with the corresponding respective values of the substrate A 

AftertheabovelLervation^ 
undeTtne above described condHions except that the anode voltage was 10kV to find that the emission current le of 
th^de^^ by^ from the above observed values for both the substrates A and B. No electnc discharge i was 
observed during the above operation of continuously driving the devices. Note that the substrate B of Ex^ 
oTveTe to electric discharged. The reason why no electric discharge occurred on both the substrates A and B of this 
exlple «y be that le negate type electron beam resist was substantially complete^rbon.ed £ the car- 
oonSation process and no gas was generated during the operation or that the intermediary product, rt existed .n the 
S * ZZZxe B.^as no. decomposed but polarized and caibonted white the dev.ee was dnven to 
opeSe. On the other hand, the reason why the devices of Comparauve Example 1 that had been sim Jady pre* ssed 
for stabilization in vacuum could give rise to electric discharges may be that the intermediary product formed .n the 

sho^p'o^^^^ 

as a showed a profile substantially similar to the one shown in Fig. 18. i ,„ De f«..nH 
When observed through a transmission electron microscope and by means of Raman spectroscopy, rt was found 
that the devices of the substrate A and B had a carbon deposit principally made of graphite of the same crystallrty as 
the graphite for Example 1 . 
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40 [Example 4] 

The steps taken in this examples are same as those of Example 3. However, only a single substrate was prepared 

^(Step Instep of cleansing a substrate/forming device electrodes) Same as Step 1 in Example 3. 
(Step 2) : (step of forming an electroconductive film) Same as step 2 in Example 3. ^ 
Se?3: step of applying anorganic substance)Glycidylme^ 
type electron beam resist was applied onto the substrate to a thickness of 35nm by means of a spinner and pre*aked 

at 90°C. 

(Step 4): (energization forming step) Same as Step 2 of Example 3. 

Steps :Urbonizationprocess)Then,the substrate v«s returned into the vacuum vessel of the gaug^gsys^ 
which was evacuated to 10-SPa. Thereafter, a drive voltage of 15V having a rectangular pulse shape with T1 = 1.5ms 
2Tl2= 10ms as shown in Fig. 3A was applied to the electron-emitting device for 15 mmutes, r^a* 
paentia. side and the low potentral skfe of the device electrodes by every pulse. The device currerf ' « *™«* 
throughout this step and itvvas found that the average device current If of the four devices increased wrth time to get 

ss to 1 .5mA at the end of the 1 5 minutes. 

(Step 6): (stabilization step) Same as Step 6 of Example 3. .. ,„ 

Then the devices on the substrate were tested under the conditions same as those the Preceding* ^pta 
Specifically, the voltage of the anode was 1 kV. which was separated from the electron^mrtting device being tested by 
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5mm and a device voltage of 15V was applied to the electron-emitting device. 

The device current If was 0.8mA±4.5% and the emisston current le was 1 .0pA±4.5% to show that the em.ss.on 

current le was substantially equal to that of the Comparative Example 1 and the device current If was shghtly tower 

than that of the Comparative Example 1 . The devices show a reduced degree of deviation, 
s Aftertheaboveobservation.thepreparedelectron^ 

under the above described conditions to find that the emission current le of the four devices fell by l«* than 25% from 

the above observed value. This is substantially equal to the comparable value of the substrate A of Example 1 

Subsequently, the electron-emitting regions 5 of the devices of the substrate was observed through an electron 

microscope and by means of Raman spectroscopy. Fig. 10 schematically illustrates the devices on the ^substrate , ob- 
10 servedtn7oughanelectronmicroscope.AsshowninFig.10,carbonwasfoundattn^ 

of the electrooonductive film in the electron-emitting region 5, or both the low potential side and the h.gh potential side, 

of each of the devices of the substrate. 

When observed through a transmission electron microscope and by means of Raman spectroscopy, it was found 

that the devices of both the substrate had a film deposit principally made of crystalline graphite as in the case of 
'5 Example 1 . 



[Example 5] 

In this example, the substrate was made of the material of the substrate A of Example 1 and the steps of Example 
20 1 were followed except Steps 5 and 6, which will be described below. 

(Step 5) • (carbonization process) Then, the substrate was returned into the vacuum vessel of the gaugmg system, 
which was evacuated to 10*Pa. Thereafter, a laser pulse beam was externally irradiated onto the electron-em.tt.ng 
region and its vicinity to k>cal*heat the electron^mrtting region, whileadmre vortage of 15V ^ a "^>"*» 
shape with T1 = 0 3ms and T2 = 10ms as shown in Fig. 3B was applied to the electron-emrtting device for 10 minutes 
25 reversing the high potential side and the low potential side of the device electrodes by every pulse. A ^e cu^ent 
If of 1 2mA was observed at the end of the lOminutes. A small value was selected for T1 because the electron-emrtt.ng 
region was heated by a laser beam but the device current If increased without giving rise to any problem suggesting 
that the overall energy was effectively utilized for drying the devices. The temperature the electrcconductive film was 
raised bv 200°C by the laser beam. . a . . 

(Step 6) : (stabilization step) Then, a mixture gas containing N 2 by 80% and 0 2 by 20% was "traduced m to the 
vacuum processing apparatus of FIG. 7 to produce a pressure of 10"iPa and the devices were thermally treated * 
440-C for 20 minutes. While a high heat treatment temperature was used because the heat treatments conducted 
under low pressure, no problem was observed on the devices in terms of their electric characteristics. Then the devices 
on the substrate tested for the device current If and the emission current le under the conditions same as those the 
35 preceding examples. Specifically, the voltage of the anode was 1 kV, which was separated from the electron-emrtt.ng 
device being tested by 5mm, and a device voltage of 15V was applied to the electron-emrtt.ng dev.ce. 

The device current If was 0.9mA±5.5% and the emission current le was 0.9uA±5.2% to show that the , emm .on 
current le was substantially equal to that of the Example 1 and the device current If was sl.ghtly lower than that of the 
Example 1 . The devices show a reduced degree ol deviation. m . m 

40 Aftertheaboveobservation.thepreparedelectr^ 

under the above described conditions to find that the emisston current le of the four devxa* fell by less than 25% from 
the above observed value. This is substantially equal tolhe comparable value of the substrate A of Example 1 

Subsequently, the electron-emrtting regions 5 of the devices of the substrate was observed through an electron 
mfcroscope and by means of Raman spectroscopy. FIG. 10 schematically illustrates the dev.ces on the substrate 
4S observeTthrough an electron microscope. As shown in FIG. 10, carbon was found at the opposite hont w^te ol to* 
fissureoftheelectroconductrvefilminthee^ 

side of each of thedevicesof the substrate. When observed through atransmission electron microscope and by means 
of Raman spectroscopy, it was found that the devices of both the substrate had a film deposit pnncpally made of 
crystalline graphite as in the case of Example 1. 

[Example 6] 

The steps taken in this examples are same as those of Examples 1 and 2 except the step of forming an electro- 

^(SteTl Wstep of cleansing a substrate/forming device electrodes) Same as Step 1 for the substrate A in Example 1 . 

Step 2) : (step of forming an electrcconductive film) Pt and Ni were deposited to produce a film of catalytic metals 
having an appropriate film thickness between the device electrodes 2 and 3 formed on the substrate . Sim.larfy. W 
was deposited to produce a film of a non-catalytic metal for a comparative example. Otherwise, this step was same 
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as Step 2 for the substrate A in Example 1 . . 

(Step 3) ■ (step of applying an organic substance) Same as Step 3 for the substrate A in Example 1. 
(Step 4) : (energization forming step) Same as Step 4 for the substrate A in Example 1 . 
(Step 5) : (carbonization process) Same as Step 5 of Example 2. 

K ^"ISe^Su^fZ^ same as those of Example 2 and the eiectron- 
JJ£ curved. The «ab.e be.ow summarizes the results of the test and the observation of the electron- 

^Tseen'Tom the table, glassy carbon was deposited on the front walls of the fissure of j" 
the etec^ emitting region 5 of the devices using a non^atalytte metal of W for the electroconductive Mm. that is to 
Z « £ JpoLtia. side and the high potential side but only partty akxtg the d.recfion J ^-— 
lenqth This may explain why both the device current If and the em.ssion current le of the above devices were lower 
than !hose ofTe devices using catalytic metals of Pt and Ni. Note that the direction of electron-emitting length refers 
to the direction of W in FIG. 1 A. 



Electron-Emitting Region with Different Materials for the Electroconductive Film 


material of conductive film 


electron-emitting characteristics 


observations on electron-emitting region 


Pt 


device current If =0.75mA 
emission current le =1 .O^A 


glassy carbon on front walls of fissure in electron- 
emitting region 5 on both high and low potential 
sides 


Ni 


device current If =0.8mA 
emission current le =1 .1 uA 


glassy carbon on front walls of fissure in electron- 
emitting region 5 on both high and low potential 
sides 


W 


device current If =0.6mA 
emission current le =0.5nA 


glassy carbon on part of front walls of fissure in 
electron-emitting region 5 on both high and low 
potential sides 



[Example 7] 

In this example, an image forming apparatus was prepared by using an electron Murce ^P ris J 9 _f p p ' U ^ n °' 
surface conduct^ e.ectron^mitting devices of FIGS. 1 A and 1B on a substrate and = g^v,ces A and 
1B on a substrate and wiring them to form a simple matrix arrangement. Such an .mage-forming apparatus is also 

12 I fschemafic Ltiona. view taken along line 12-12 of FIG. 11. FIGS. 13A through 13L show schematic partial 
ILtonaTS of the eiectron source of FIG. 11. Throughout FIGS. 11, 12 and 13A through 13L, same reference 

Dxn and directional wires 113 (also referred to as upper wires) corresponding to Dyn. Each of the devices Of the 
e.ect™^^^ 

emitting region. Otherwise, the electron source was provided with an interlayer insulation layer 121 and ^ac £les 
122 each of which electrically connected a corresponding device eiectrode 2 ^^SS^mSS. 5* 

The steps of manufacturing the eiectron source will be described by referring to FIGS. 1 3A through 13L, which 
respectively correspond to the manufacturing steps athrough 1 as will be described herainafte 

(Step a) After thoroughly cleansing a soda lime glass plate a s.lcon ox.de film was formed thereon to a thickness 
of 0 Sum ^bv Sputtering to produce a substrate 1 , on which Cr and Au were sequentialV laid to thcknesses of 5nm and 
tST^SSS vacu urn evaporation and then a photoresist (AZ1 370: available from Hoechst Corporation) was 
^rdZetXmeansofaspinner, while rotating the film, and baked. Thereafter, a photo-rra^jmage was expos^ 

to£gh^!^ 

t0 ^b^TSS.'Sd. fiim was formed as an integer insulation layer 121 to a thickness of 1.0pm by RF 
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Step c) : A photoresist pattern was prepared tor producing a contact hole 122 for each device ,n ■ cnto 

film deposited in Step b, which contact hole 112 was then actually formed by etching the interiayer insulation teyer 12% 
usTngt^^ 

, ?S1?-S!3E a pattern of photoresfet was formed for a pair of device electrodes 2 and 3 of each dev.e 
andafissureLseparating the electrodes and then T.andNi were sequentially deputed thereon ^P^r^^ 1 ^; 
nesses of 5nm and40nm by vacuum deposition. The photoresist pattern was dissolved by an organs solvent and the 
N^ejosit film was treated by using aim-off technk,ue. Thereafter, each device was covered by pM «M 
the devE electrode 3 and Ni was deposited thereon to a thickness of 1 0Onm to make the dev.ce eU* rode 3 140nm. 
■me device electrodes 2 and 3 had a width W1 of 200pm and were separated from each other by advance 

(Step e) : After forming a photoresist pattern on the device electrodes 2 and 3 of the devices tor u^er wires 113 
Ti and Au were sequentially deposited by vacuum deposrtion to respective thicknesses of 5nm and 500nm and then 
Innecel^ - aris'were relTby means of a litt-otf technique to produce upper wires 11 3 having , a ^desirec profite 

(Stepf) Then.aCrfilmvrasformedtoaf.^ 
opening on and around the fissure L between the device electees of each device, v^h Cr film was then sheeted 
SToatteminq operation Thereafter, an organic Pd compound (ccp^230. available from Okuno Pharmaceufical Co.. 
Ltd CTppCto thTcr film by means ofa spinner, while rotating the film, and baked at ^300'C for 1 2 minutes. The 
formed elect« 5 conductivethinfilm4of each device was made of fine particles conta,n,ng PdO as a pnnc,pal .ngred.ent 

20 and had a film thickness of 7nm and an electric resistance per unit area of 2x10*Q/D. 

and had a fi m it & ^ product 1 31 Qj fumjry| a|coho| tnat had been prepared in advance was apphed to 

each device to a thickness of 20nm by means of a spinner and baked at 10O°C for thermosetting. 

(Step h) : The Cr film and the baked electroconducfive thin film 4 of each dev.ce were wet-etched by us.ng an 
acidic etchant to provide the electroconductive thin film 4 with a desired pattern. 

Then, resist was applied to the entire surface of the substrate except the contact holes , 1 2 using , a 
pattern, and Ti and Au were sequentially deposited by vacuum evaporation to respective h^^so f 5nm and 
SOOnm Any unnecessary areas were removed by means of a lift-off technique to consequent bury the contact hole* 
(»e^) : ThelnsWe of the electron source was evacuated to 1 0^Pa and the devices on the substrate we "'^ U ^^^ 
to energization forming in a manufacturing apparatus having a configuration same as the above < 
s y,emandprovidedv^hwiresDXnandDYmforapplyingavoltagetoeach device. The conditions for the energization 

Throughout^ operation, the device current If was observed and the voltage application was stopped when the device 

current If per device got to 1.3mA for each line. , . , . t . 0 ~ >n ,„, on 

(Step 1) After Step k. the substrate was taken out of the manufacturing apparatus and baked at 420°C for 20 
minutes in a clean oven containing a mixture gas of N, and O z with a ratio of 80% to 20% to ^ 

The completed electron source substrate was then tested for electron emission by means of a test. n 
having a drive circuit as will be described hereinafter. For manufacturing an image-forming apparatus, an electron 
source substrate that has passed the test is movedtoan assembling step to produce an image-forming apparatus as 

M ^SaclpTate ^prepared. Aface pfcte comprises a fluorescent film formed by ananging a set of fluorescent 
bodies on the inner surface of a glass substrate and a metal back. While the fluorescent film may 
sinole fluorescent body if the display panel is used for showing black and white pictures, it needs to comprise for 
black conducive members 121 and fluorescent bodies, of which the fonrier are refenrec Mo 

45 as Sack stripes or members of a black matrix depending on the arrangement of the fluo ^ e ^^ th B ' a f ..^ 
or members of a black matrix are arranged for a color display panel so that the fluorescent bodies of threedifleren 
p Lry colors are made less discriminable and the adverse effect of reducing the contrast of displayed image of 
external light reflected by the fluorescent film is weakened by blackening the sunoundmg areas. While graphite is 
S uVed as a principal ingredient of the btack stripes, other conductive materta. having low light transmissivity 

regardtessofblackanSwhiteorcotordisptey. An ordinary ^tal back is arranged on the inner surface of^^ 
film The metal back is provided in order to enhance the luminance of the display panel by causm .the ray of light 
emflted from the fluorescent bodies and directed to the inside of the envelope to turn back toward the face plate to 
ss use it as an electrode for applying an accelerating voltage to electron beams and to protect the fluorescent bodies 
agains^^ 

bfsmoothing the inner surface of the fluorescent film (in an operation normally called -filming-) and forming an A. film 
thereon by vacuum deposition after forming the fluorescent film. 
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In this example, a face plate carrying a stripe-shaped fluorescent film was formed. 

Then, the election source substrate and the face plate prepared in the above descnbed manner were combined 
to produce an image-forming apparatus as shown in FIG. 14. 

In FIG. 14, reference numeral 110 denotes an electron-emitting device and numerals 112 and 113 denote respec 
5 lively an X-directinal wire and a Y-directtonal wire for electron-emitting devices. . . .„ 

After rigidly securing the substrate 1 carrying a large number of surface conduction ^fT^T^^Z 
a rear plate 141 , the face plate 144 (comprising a fluorescent film 148 formed by arranging strip-shaped fluorescent 
b^Tes cS me inner surface of a glass substrate 147 and a metal back 149) was arranged 5mm above the substrate 
^ h aC^ frame 146 disponed therebetween and frit glass was applied to the bonding areas of the face plate 
io i the support frame 146 and the rear plate 145. Then, the fluorescent bodies of the three primary colors were 
Tangrvls a-vfe the respective electron-emitting devices to accurate alignment and baked at 400>C for 15 minutes 
I To atmosphere to securely bond them together. While the envetope was formed of me face plate 144 the support 
frame 146 and the rear plate 145 in the above description, the rear plate 145 may be omitted t the substrate 1 » strong 
IrugnbyTself because the rear plate 145 is provided mainhy for reinforcing the substrate 1 . If such .s the case an 
« fndepVnden rear plate 1 45 may not be required and the substrate 1 may be directly bonded to the support frame 1 46 
To that the envelop is constituted of a face plate 144. a support Irame 146 and a substrate 1 On the 
overall strength of the envelope may be increased by arranging a number of support members called spacers (not 
shownl between the face plate 1 44 and the rear plate 1 45. 

^eSpe or the glass container was evacuated through an exhaust pipe (not s = )by = of = m 
20 pumpuntiltheatmosphereintheinsidewas^^ 

°n order to remove the water, oxygen. CO, CO* hydrogen and other substances contained in the conta.ner which 
Itainer was thereafter hermetically sealed. Then, the container was subjected to a getter process using a h gh fre- 
quency heating technique in order to maintain the achieved degree of vacuum in the 

sealed Since the stabilization process of this example was aimed at removing water, oxygen CO, C0 2 andnydrogen 
25 that can be removed at tow temperature, the glass container was baked at low temperature for a very short period of 

^^ow, a drive circuits for driving a display panel comprising an electron source with a simple matr« arrangement 
for displaying television images according to NTSC television signals will be described by referring to Rg i .1 5^ 

In Fig 15. reference numeral 151 denotes an image-forming apparatus. Otherwse. the crcurt comprises a scan 
circuit 152 a control circuit 153. a shift register 154, a line memory 155, a synchronizing signal separation crcurt 156 
and a modulation signal generator 157. Vx and Vain Fig. 15 denote DC voltage sources. 

The image-forrningapparatus 151 is connected to external circuits via terminals Doxl through Doxm, Doyl ttHOugh 
Doym and hfgh voltage terminal Hv, of which terminals Doxl through Doxm are designed to^™<**»£ 
sequentially Ling on a one-by-one basis the rows (of N devices) of an electron source in the apparatus compr^ng 
dumber of surfacVconduction type electron-emitting devices arranged in the form of a matnx havmg M rows and N 

^"rTthe other hand, terminals Doyl through Doyn are designed to receive a modulation signal for ^""9^ 
output electron beam of each of ihe surfacexonduction type electron-emitting devices o a row setectedl by a scan 
signal High vottage terminal Hv is fed by the DC voltage source Va with a DC voltage of -a level typically aroundlOkV 
Sis sufficient* high to energy the fluorescent bodies of the selected surface^onduction type electron-emrtfing 

deVi Tne scan circuit 152 operates in a manner as follows. The circuit comprises M switching devices jof i£ich only 
devicesSI and Smare specifically indicated in Fig. 15).each of which takes erthertheo^^^^ 

source Vx or OV (the ground potential level) and comes to be connected with one of the term.nals Doxl through Doxm 
45 o^Ie dfeptey panel 151. Each of the swrtching devices S1 through Sm operates in accordance wrth control s.gnal 
Tscan fed from the control circuit 153 and can be prepared by combining transistors such as FET* 

The DC voltage source Vx is designed to apply a constant voltage to the unscanned electronnem.tt.ng^ces ; of 
the inige-formin£ .apparatus in order to make the drive voltage applied to the unscanneddev^es fall under the thresh- 

old voltaqe for electron emission. j«t~iu 

so The control circuit 153 coordinates the operations of related components so that images may be appropnately 
displayed in accordance wrth ex1emallyfedvideosignals.lt generates c ^ trol si 9"f T^ n ' T sn .^ d o ^32>w 
to synchronizing signal Tsync fed from the synchronizing signal separation circuit 156. wh.ch will be described below. 

CsTn^ingsignal separation circuit 156 separates the synchronizing signal component and the lum,^^^^^^ 
JSS <rom an externally fed NTSC television signal and can be easily reafized using a popu^own 
55 frequency separation (filter) circuit. Although a synchronizing signal extracted from a telev,s»n s,gnal by the .synchro- 
nizfcg sfcnal separation circurt 156 is constituted, as well known, of a vertical synchrony signal and i houaxita 
synchronizing signal, rt is simply designated as Tsync signal here for convenience ^^TmZZZ I 
signals. On the other hand, a luminance signal drawn from a television s.gnal, which is fed to the shift register 154, is 
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ifrm^^Scarriesout lor each 
a time series basis in accordance with control signal Tsft fed from the control circuit 153. (In other words, a conUo. 
signal operates as a shift clock for the shift register 154). A set of data for a line that have undergone a senaV 
conTerston (and correspond to a set of drive data for n electron-emitting devices) are sent out of the shift 

re9 ™re^ 

period of time according to control signal Tmry coming from the control circuft 153. The stored data are sent out as I dl 

throuqh I'dn and fed to modulation signal generator 157. . . . Mr ^ iM 

^idmodutetionsignalgeneratorisyisinfactasignalsourcethatappropnatetyd^^ 
of each of thesurface^nduction type electron-emitting devices and output signals of m,sdev«e are fed to the surface- 
conducts type electron-emitting devices in the display panel 151 via terminals Doyl through Doyn. 

The above arrangement is adapted to pulse width modulation. With pulse width modulation, a pulse width modu- 
lat»Xe^ruled for the modulation signal generator 157 so that the pulse width of the apphed voltage may 

1,6 ^JjSSHlicn- above, the shift register 154 and the line memory 155 may be e*her of 
digital or o?anatog signal type so tong as serial/parallel conversions and storage of video signals are conducted at a 

^^an image forming apparatus comprising a display panel arKJ a drive circuit having a confi^^ 
above to whtoh The present invention is applicable, the electron^mitting devices emrtel^rons as a voltage « appl e^ 
So by way of the external terminals Dox. through Doxm and Doyl through Doyn. Then the Qene^ed elec tron 
beams are accelerated by applying a high voltage to the metal back 149 or a transparent electrode (not shown) by 
w^y erf the votege terminal H?. The accelerated electrons eventual* collide with the fluorescent film 143. wheh 

by,u >Zf^ 

clear television images. 
[Example 8] 

Inthis example, adisplay panel was prepared byamethod of manufacturing an in^ge4omiing apparatus according 
totheiSenSh 

below by referring to the flow chart of FIG. 1 6 and a schematic illustration of the apparatus for manufacturing an image- 
forming apparatus shown in FIG. 17. 

Firstly the manufacturing apparatus will be described. , u a j ^ h,™ 

The apparatus for manufacturing a display panel used in this examples compnses a number o^Jock^pe 
vacuum chambers. Basically. * comprises a rear plate load chamber, a rear plate bak.ng chamber 
ization chamber, a stabilization/sealing chamber, a face p.ate load chamber, a face plate baking chamber and I a stow 
STg chamber. The chambers are separated from each other by partittons so that the vacuum condtoon , d f each 
cumber may be controlled independent*. The substrate discharged from a chamber * autc^t^Bytransfenedto 
L succeeding chamber. A rear plate is receded by the rear plate load chamber for processing and Charged from 
he station chamber after completing the necessary processes. On the other hand, a face plate « ^ 
face ptete toad chamber, passes through the face plate baking chamber and then brought m to fte ^ 
where it is combined w«harearplated^hargedfromthesrabilizatton chamber. The conta^^ 
L face and rear plates is then moved to the slow cooling chamber, where it is cooled to room temperature. Each 
cha^ 

and the stabilization chamber are adapted not only to electrically processing operations but also to electric tests. The 
stabilization/sealing chamber are so arranged that gas can be fed into them for a stabifization process. 
Now. the method used for manufacturing the display panel of this example will be described. 

(Preparation of Face Plate) 

(Step 1) (Preparation and Test of Face Plate) 

The face plate ol the image-forming apparatus was prepared as in Example 7 and then tested. Firstly the support 
frame of the dsplay panel was bonded to the face plate along the periphery thereof by means of frit glass. A sheet f nt 
waTarranged to 'the area of the support frame to be bonded to the rear plate. After (Step 1). the face plate was entered 
into the load chamber of FIG. 17, which was designed to store a plurality of face plates in vacuum. 

of Face Plate) Then, the face pbte was baked in vacuum at 400-C for 10 minutes ,n order to 
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remove the water, oxygen, CO and CC*. that have been adsorbed by the face plate. The temperature of 40O>C was 
selected to make it agree with the temperature of the rear plate in (Step 6). The face plate baking chamber showed a 

degree of vacuum of 1x1 0- 5 Pa. .„j.m«f 

(Step 3) (Preparation of Rear Plate (Electron Source Substrate in this example) Same as Steps (a) through (i) of 

E Tn P 1his 7 stepanelectroconductive film was formed on each of a plurality of electron-emitting devices on the substrate 
and then wires were arranged for the devices into a simple matrbc arrangement Then, an organic substance was 
applied to the substrate to form a layer. After (Step 3), the rear plate was entered into the load chamber of FIG. 17. 
which was designed to store a plurality of rear plates in vacuum. 

(Step 4) (Baking of Rear Plate) Then, the rear plate was baked in vacuum at 200'C for 1 hour ,n order to remove 
the water, oxygen, CO and CO z that have been adsorbed by the rear plate. The rear plate belong chamber showed a 
degree of vacuum of 1x10" 5 Pa. 

(Step 5) (Energization Forming/Carbonization Process) An energization forming process was conducted in a man- 
ner as described in Example 7. Then, the layered organic substance was carbonized in the same chamber. The^e 
substrate washeatedto200»C. Afterthecarbonization process, each electron-emitting dev.ce was tested for the device 
current to check the electron source substrate. 

(Step 6) (Stabilization Process/Sealing) In this stabilization process, a 1:4 mixture gas of oxygen and N 2 was 
introduced into the chamber at IPa and heated at 400»C for 1 0 minutes, which temperature was maintained for some 
time thereafter. Then, the face plate coming out from (Step 2) was introduced into the (stabitaationfeeal.ng chamber) 
and aligned and bonded with the rear plate under pressure. Although the introduced gas was held .n the envelope after 
the sealing operation in order to remove the binder remaining in the frit glass, ft was eliminated thereafter. The envelope 
was sealed when the internal pressure of the chamber got to a pressure level of lO-'Pa. tem . llrn 

(Step 7) (Slow Cooling Process) The display panel produced from Step 6 was slowly cooled to room temperature 

and then removed from the slow cooling chamber. . . ; . ^ roa 

(Step 8) The getter arranged in the display panel was made to flash in order to maintain the obtained degree of 

vacuum inside the display panel. 

(Step 9) The prepared display panel was electrically tested. 

(Step 10) As the display panel operated well in Step 9, the drive circuit of Example 7 and other components were 
fitted to ft to produce a complete image-forming apparatus. 
30 The image-forming apparatus was driven to operate as in Example 7 to see that it displayed clear images. 

As described in detail above, a method of manufacturing an electron-emitting device according to the invention 
includes an activation process comprising steps of applying a norganic substance carbonizing the organic substa jca 
to produce surface ^^■■Mi^ o^.^mittinn devices that onnmte fixoe l lent l y for electron em.ss.on at low cost in a 
%rmp¥ manned T l lgrTqUaTity^bon can be formed for the electron-emitting devices by using catalytic metal, 
as Additionally, a stabilization step for heating the device follows the activation step and is conducted in reactive gas 

to exploit the difference in the ability of withstanding the reactive gas between the intermediary product and the car- 
bonized substance produced in the activation process so that the intermediary product can be removed easriy at low 
temperature and the electron-emitting performance significantly improved by the activation process is preserved. Thus 
the problems inherent in the known stabilization process as pointed out earlier are elim.nated to effectively suppress 
40 any electric discharge and stabilize the electron-emitting performance of the device. 

Therefore, an electron source comprising a plurality of such electron-emitting devices and an rmage- forming ap- 
paratus incorporating such an electron source are produced through an activation process that is con ro able much 
easier than its counterpart of any known methods to minimize the deviation in the performance of the electron source 
and that of the image-forming apparatus. 
as With a method of manufacturing an image-forming apparatus according to the invent™ and comprising steps of 

preparing an electron source substrate, testing it, preparing a face plate, testing it and combining the electron source 
substrate and the face plate carrying thereon an image-forming member to produce a vacuum envelope, only a good 
electron source and a good face plate are combined to eliminate the possibility of produc.ng a defective .mage-tormmg 
apparatus and consequently reduce the overall cost of manufacturing image-forming apparatus on a mass produc ion 
so basis. Additionally, since the intermediary product produced in the activation process is removed from the electron 
source substrate, the step of combining the electron source substrate and the face plate carrying thereon a fluorescent 
body into an envelope and sealing it can be mostly dedicated to remove water, oxygen, hydrogen, CO and CO;, to 
further reduce the manufacturing cost. 

Finally, if a manufacturing apparatus thai can manufacture an image-forming apparatus without exposing it to the 
ss atmosphere through the manufacturing steps is used, t he water, oxygen, hydrogen, CO and COg that are r ern^, 
rrnrn th» apparatus are prevented from be ing re-adsorbed byjhe comppnenJS-QfJh^BaialusJojDsure a stable 
tperatioTTofWim^^ apparatus amia high yield of manufacturing such image-forming apparatus. 
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1 . A method of manufacturing an electron-emitting device comprising an electroconducfive .film mc udmg an eled Jon- 
emitting region and a pair of device electrodes for applying a voltage to the electroconduchve film, characterized 
in that the electron-emitting region is formed by steps of applying a film of an or 9anic substance to the elec rocc^ 
ductrve film, carbonizing the organic substance at least by electrically energizing the electroconductrve film and 
forming a fissure or fissures in the electroconductive film prior to the carbonization step. 

2 Amethodof manufacturing an electron-emitting device according to claim 1, wherein said step of forming a fissure 
or fissures is conducted before said step of applying an organic substance to said electroconductive film. 

3 A method of manufacturing an electron-emitting device according to claim 1 , wherein said step of forming a fissure 
or fissures is conducted after said step of applying an organic substance to said electroconductive film. 

4 A method of manufacturing an electron-emitting device according to claim 1 , wherein said step of «rtani*g the 
organic substance is carried out both by electrically energizing the electroconductive film and by heating the film 
of the organic substance. 

5 A method of manufacturing an electron-emitting device according to claim 1 , wherein said step of carbonizing the 
20 organic substance is a step of forming graphite from the film of the organic substance. 

6 A method of manufacturing an electron-emitting device according to claim 1 , wherein said step of carbonizing the 
organic substance is a step of forming glassy carbon from the film of the organic substance. 

25 7. A method of manufacturing an electron-emitting device according to claim 1 . wherein said film of the organic 
substance is made of thermosetting resin. 

8. A method of manufacturing an electron-emitting device according to claim 7. wherein said thermosetting resin is 
selected from furfuryl alcohol, f uran resin, phenol resin, polyacrylnitnle and rayon. 

9. A method of manufacturing an electron-emitting device according to claim 1. wherein said film of the organic 
substance is made of electron beam polymerizable resist. 

10. A method of manufacturing an electron-emitting devtee accordhg to claim 9 wherehv said elect^ 
erizable resist is selected from glycidyl acrylate-ethyl acrylate copolymer, diary! polyphthalate glycidyl acrylate 
styrene copolymer, polyimide type varnish, epoxidated 1 ,4-polybutadiene and glycidyl polymethacrylate. 

11 A method of manufacturing an electron-emitting device according to claim 1 . wherein said electroconductive film 
contains a metal element selected from the platinum group and the iron group. 

12. A method of manufacturing an electron-emitting device according to any of claims 1 through 11. wherein said 
electroconductive film is made of fine particles. 

13. A method of manufacturing an electron-emitting device according to any of claims 1 through 11, wherein said 
45 electron-emitting device is a surface conduction electron-emitting device. 

14. A method of manufacturing an electron source comprising a plurality of electron-emitting devices, characterized 
in that said electron^mrtting devices are manufactured by a method according to any of claims 1 through 11 . 

15. A method of manufacturing an electron source according to claim 1 4. wherein said electroconductive film is made 
of fine particles. 

16. A method of manufacturing an electron source according to claim 14. wherein said electron-emitting device are 
surface conduction electron-emitting devices. 

17. A method of manufacturing an image-forming apparatus comprising an envelope, an electron source jiavingj a 
plurality of electron-emitting devices and an image-forming member for forming an image when irradiated by elec- 
irons emitted from the electron source, said electron source and said image-forming member being arranged in 
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the envelope, characterized in that the electron^mrtting devices are manufactured by a method according to any 
of claims 1 through 11. 

18. A method ot manufacturing an image-forming apparatus according to claim 17. wherein said eiectmconductive 
film is made of fin© particles. 

19. A method of manufacturing an image-forming apparatus accorting to ciaim 17. wherein said electron^g 
devices are surface conduction electron-emitting devices. 

heating the electron-emitting device in an atmosphere containing a reactive gas. 

21. Amethodofmanufacturinganelect^^ 

22. A method of manufacturing an electron-emming device according to cfcim 20. wherein said heating step is con- 
ducted in the air. 

23. A method of manufacturing an electron^mitting devfce according to cfcim 22. wherein sak* heating step * con- 
ducted under the atmospheric pressure. 

24. A method of manufacturing an electron-emming devfce according to cfcim 22, wherein saW heating step is con- 
ducted under reduced pressure. 

25 A method of manufacturing an electron-emming device according to cfcim 20, wherein said heating step is con- 
ducted in an atmosphere of a mixture gas of oxygen and inert gas. 

26. A method of manufacturing an electron-emming device according to cfcim 25, wherein said heating step is con- 
ducted under reduced pressure. 

troconductive film. 

troconductive film. 

film of the organic substance. 

30 A method of manufacturing an electron-emitting devfce according to cfcim 20, wherein said step of carbonizing 
^organic substance is a step of forming graphite from the film of the organ.c substance. 

31 A method of manufacturing an electron-emitting device according to claim 20. wherein sad step of carbonmng 
the orSnic substance is a step of forming gfcssy carbon from the film of the organ,c substance. 

32. A method of manufacturing an e.ectron-emK.fcg device according to claim 20. wherein sa« fi.m of the organic 
substance is made of thermosetting resin. 

33. Amethodofmanufacturingan electron-emitting dev«e according to claim 32 wherein said 
selected from furf uryl alcohol, futan resin, phenol res.n, polyacrylnrtnle and rayon. 

34. A method of manufacturing an electron-emitting device according to claim 20, wherein said film of the organ* 
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substance is made of electron beam polymerizable resist. 

35. A method of manufacturing an electron-emitting device according to claim 34, wherein said electron beam polym- 
erizable resist is selected from glycidyl methacrylate-ethyl acrylate copolymer, diaryl polyphthalate, glycidyl acr- 
ylate-styrene copolymer, polyimide type varnish, epoxidated 1 ,4-polybutadiene and glycidyl polymethacrylate. 

36. A method of manufacturing an electron^emitting device according to claim 20, wherein said electroconductive film 
contains a metal element selected from the platinum group and the iron group. 

37. A method of manufacturing an electron-emitting device according to any of claims 20 through 36, wherein said 
electroconductive film is made of fine particles. 

38. A method of manufacturing an electron-emitting device according to any of claims 20 through 36, wherein said 
electron-emitting device is a surface conduction electron-emitting device. 

39. A method of manufacturing an electron source comprising a plurality of electron-emitting devices, characterized 
in that said electron-emitting devices are manufactured by a method according to any of claims 20 through 36. 

40. A method of manufacturing an electron source according to claim 39, wherein said electroconductive film is made 
of fine particles. 

41. A method of manufacturing an electron source according to claim 39, wherein said electron-emitting device are 
surface conduction electron-emitting devices. 

42. A method of manufacturing an image-forming apparatus comprising an envelope, an electron source having a 
plurality of electron-emitting devices and an image-forming member for forming an image when irradiated by elec- 
trons emitted from the electron source, said electron source and said image-forming member being armged in the 
envelope, characterized in that the electron-emitting devices are manufactured by a method according to any of 
claims 20 through 36. 

43. A method of manufacturing an image-forming apparatus according to claim 42, wherein said electroconductive 
film is made of fine particles. 

44. A method of manufacturing an image-forming apparatus according to claim 42, wherein said electron-emitting 
devices are surface conduction electron-emitting devices. 

45. A method of manufacturing an image-forming apparatus according to claim 42, wherein said heating step is a 
heating step for sealing said envelope. 

46. A method of manufacturing an image-forming apparatus according to claim 45, wherein said electroconductive 
film is made of fine particles. 

47. A method of manufacturing an image-forming apparatus according to claim 45, wherein said electron-emitting 
devices are surface conduction electron-emitting devices. 

48. A manufacturing apparatus for realizing a method of manufacturing an image-forming apparatus according to claim 
17, characterized in that it comprises a plurality of chambers for carrying out said steps. 

49. A manufacturing apparatus according to claim 48, wherein it comprises conveyor means for conveying members 
for manufacturing an image-forming apparatus from a chamber to another. 

50. A manufacturing apparatus according to claim 48, wherein it f u rther comprises a chamber for carrying out the step 
of sealing said envelope. 

51 . A manufacturing apparatus according to claim 48, wherein it further comprises a chamber for carrying out the step 
of baking the members constituting said envelope. 

52. A manufacturing apparatus according to any of claims 48 through 51, wherein a same chamber is used for said 
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chamber for carrying out the carbonization step and said chamber for forming a fissure or fissures in the electro- 
conductive film. 

53. A manufacturing apparatus for realizing a method of manufacturing an image-forming apparatus according to claim 
42, characterized in that it comprises a plurality of chambers for carrying out said steps. 

54. A manufacturing apparatus according to claim 53, wherein it comprises conveyor means for conveying members 
for manufacturing an image-forming apparatus from a chamber to another. 

55. A manufacturing apparatus according to claim 53, wherein it further comprises a chamber for carrying out the step 
of sealing said envelope. 

56. A manufacturing apparatus according to claim 55, wherein a same chamber is used for said chamber for heating 
the electron-emitting devices in an atmosphere containing reactive gas and said chamber for sealing the envelope. 

57. A manufacturing apparatus according to claim 53, wherein it further comprises a chamber for carrying out the step 
of baking the members constituting said envelope. 

58. A manufacturing apparatus according to any of claims 53 through 57, wherein a same chamber is used for said 
chamber for carrying out the carbonization step and said chamber for forming a fissure or fissures in the electro- 
conductive film. 
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FIG. 5 
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FIG. 15 
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FIG. 16 
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FIG. 17 
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